Background. Numerous studies suggest overprescribing of antibiotics for respiratory tract indications (RTIs), without really authenticating inappropriate prescription; the strict criteria of guideline recommendations were not taken into account as information on specific diagnoses, patient characteristics and disease severity was not available. Objective. The aim of this study is to quantify and qualify inappropriate antibiotic prescribing for RTIs. Methods. This is an observational study of the (antibiotic) management of patients with RTIs, using a detailed registration of RTI consultations by general practitioners (GPs). Consultations of which all necessary information was available were benchmarked to the prescribing guidelines for acute otitis media (AOM), acute sore throat, rhinosinusitis or acute cough. Levels of overprescribing for these indications and factors associated with overprescribing were determined. Results. The overall antibiotic prescribing rate was 38%. Of these prescriptions, 46% were not indicated by the guidelines. Relative overprescribing was highest for throat (including tonsillitis) and lowest for ear consultations (including AOM). Absolute overprescribing was highest for lower RTIs (including bronchitis). Overprescribing was highest for patients between 18 and 65 years of age, when GPs felt patients' pressure for an antibiotic treatment, for patients presenting with fever and with complaints longer than 1 week. Underprescribing was observed in <4% of the consultations without a prescription. Conclusion. Awareness of indications and patient groups provoking antibiotic overprescribing can help in the development of targeted strategies to improve GPs' prescribing routines for RTIs.
Introduction
The vast majority of antibiotics are prescribed in primary care and respiratory tract indications (RTIs) are the most common reason for antibiotic treatment (1) . There is clear evidence that antibiotics are heavily overprescribed for respiratory disease (2) (3) (4) . Primary care guidelines recommend restrictive antibiotic use for upper and lower RTIs because of their limited treatment effectiveness in the majority of these indications; most RTIs are of viral origin and self-limiting. In addition, the use of antibiotics results in development of resistant micro-organisms, which affects both the individual and the population (5, 6) . Inappropriate antibiotic use furthermore encourages medicalization and unnecessarily exposes patients to side effects; this all results in unnecessary costs (7, 8) .
Despite widespread implementation and use of guidelines, numerous studies revealed inappropriately high levels of antibiotic prescribing for RTIs (1) (2) (3) (4) (9) (10) (11) , as well as higher prescribing rates for adults and an increase in prescribing for the elderly (12, 13) . These studies, however, were unable to quantify the level and define the detailed backgrounds of inappropriate prescribing, as no information on specific diagnoses, patients' characteristics, comorbidity, disease severity and specific signs and symptoms was available. Guidelines define strict combinations of these aspects in their prescribing advice. The only detailed analyses on over-and underprescribing for RTIs were done by Akkerman et al. in 2001, showing that even in a low-prescribing country as the Netherlands (6), 50% of prescriptions for bronchitis, tonsillitis and sinusitis were not in accordance to the guidelines (4) .
Instead of focussing on a few indications, our study provides an up-to-date and detailed analysis of antibiotic overprescribing for the whole repertoire of respiratory disease in primary care. Using consultations of which all information was available to allow comparison to the prescribing guidelines, we aimed to obtain detailed insight in specific indications and patient-related factors provoking inappropriate prescribing. This overview nails the problems in antibiotic prescribing for respiratory disease and could therefore aid in developing strategies to improve GPs' antibiotic prescribing routines.
Methods

Data
Data for this study were obtained from a detailed registration of 2739 RTI consultations by GPs from 48 Dutch primary care practices in the winter seasons of 2008 until 2010. GPs were asked to register all patients with an acute RTI and filled in the registration form during the consultation. The registration forms were specifically designed for this study and were easy to use to facilitate data collection. They contained all relevant aspects mentioned in the guidelines of the Dutch College of GPs for acute otitis media (AOM), rhinosinusitis, acute sore throat and acute cough (Supplementary Box) (14) (15) (16) (17) . These evidence-based guidelines are updated regularly to include recent literature and are in line with the National Institute for Health and Care Excellence (NICE) guideline 'respiratory tract infections-antibiotic prescribing' (18) . The Dutch prescribing recommendations are not based on specific diagnoses (except for pneumonia), but rather on combinations of signs and symptoms, patient characteristics and disease severity. GPs therefore registered (i) patient characteristics: age, gender, general health state (on a 5-point scale: 1 = good general health state to 5 = bad general health state) and comorbidity (specifically, the comorbidities mentioned in the guidelines: Supplementary Box); (ii) medical history: duration of symptoms, fever, number of similar episodes in the past year, illness severity (1 = minimally ill to 5 = severely ill), first or subsequent consultation for this episode and (non) increasing severity compared with a previous consultation; (iii) patient's specific signs and symptoms: location of pain, sputum purulence, dyspnoea and tachypnea; (iv) findings of physical examination: inspection of tympanic membranes, throat, tonsils and auscultation. GPs also registered whether they thought the patient or patient's parent expected antibiotic treatment (1 = not expecting to 5 = definitely expecting an antibiotic). The diagnostic evaluation was classified according to the International Classification of Primary Care (ICPC) (19) . If an antibiotic was prescribed, it was recorded with its Anatomical Therapeutical Chemical code. Finally, additional management-reassurance and/ or advice, referral to secondary care or additional testing-was registered. Consultations with missing data were excluded (n = 15).
Study outcomes
Baseline characteristics of 2724 consultations were determined by calculating percentages, means and SDs.
To be able to classify the GPs' prescribing decision as correct or incorrect, the recommendations from national guidelines were used as benchmark (Supplementary Box) (14) (15) (16) (17) . Guidelines for AOM and rhinosinusitis also define categories of patients for whom the GP can consider prescribing an antibiotic. By comparing GPs' registrations to the recommendations from the guidelines, we could identify (i) prescribing when indicated by the guideline (correct), (ii) non-prescribing when not indicated (correct), (iii) prescribing when not indicated by the guideline (overprescription) and (iv) non-prescribing when treatment was actually indicated (underprescription). The prescribing rates (% of consultations with antibiotic prescription) and overprescribing rates (% of non-indicated prescriptions) were calculated overall and (i) per age category: children (<18 years), adults (18-65 years) and elderly (≥65 years); (ii) per general indication: ear, throat, nose/sinuses and lower respiratory tract and (iii) per individual ICPC code.
Analysis of factors associated with overprescription
The factors associated with overprescription were investigated using multivariable logistic regression analysis (backward-stepwise), using determinants with a P-value <0.2 (chi-square test), with a cut-off value of 0.05 for expulsion from the model. In this analysis, the overprescription cases were compared to the correct non-prescriptions. For this analysis, the following characteristics were used: age >18 years, female gender, reduced general health state (3) (4) (5) , presence of any comorbidity, fever, symptoms duration ≥7 days, more severely ill (3-5) and high patient/parent expectation for an antibiotic (4-5). Age and RTI type stratified regression analyses were performed to determine whether associated factors were similar across these strata. The unadjusted and adjusted odds ratios (ORs), with corresponding 95% confidence intervals (CIs) and P-values were determined. All statistical analyses were performed with SPSS version 20.0.
Results
Study population: characteristics, antibiotic and additional management
Characteristics of the 2724 RTI consultations are presented in Table 1 . Slightly more women consulted the GP and any comorbidity was registered for 26% of all patients. The mean number of symptomatic days prior to the first consultation was 8, and 11 days before a subsequent consultation. The time between onset of symptoms and GP consultation was the longest in adults (8.6 days) and shortest in children (6.5 days). Fever was reported in 31% of all consultations, with the highest incidence in children. Although GPs judged the severity of the RTI as relatively mild, illness severity was rated higher in the elderly. GPs' perception of patients' expectation for an antibiotic was highest in adults. The overall antibiotic prescribing rate was 38% and increased with age. Amoxicillin was most often prescribed for children and doxycycline for adults and the elderly. Macrolides and amoxicillin/clavulanate were prescribed in 12% and 8% of all consultations, respectively. Fluoroquinolones were more often prescribed for elderly. Reassurance and/or advice were offered in nearly 80% of all consultations, especially in children. Patients were referred to secondary care in 2.5% of all consultations and underwent additional testing (most often blood tests or X-ray) in 7.9% of all consultations.
Appropriateness of antibiotic prescribing for RTIs
The appropriateness of (non-)antibiotic prescribing is shown in Figure 1 . Of all consultations in which antibiotics were prescribed, in 36%, the antibiotic prescription was indeed indicated, in 18%, antibiotic prescription could be considered and in 46%, the antibiotic was not indicated by the guidelines (overprescription). Of all consultations without antibiotic prescription, 85% indeed did not meet the criteria for prescribing according to the guidelines, 11% included patients for whom the GP could consider an antibiotic and in 4%, a prescription was actually indicated (underprescription). About half of the patients with AOM and sinusitis for whom the GP could consider prescribing indeed received antibiotics.
Closer examination of the 71 underprescription cases revealed that 18 patients already received antibiotic treatment in a previous consultation and most of them were now referred to secondary care. Another six patients received additional investigation and two were also referred to secondary care. Chronic obstructive pulmonary disease (COPD) and heart failure indicated antibiotic treatment for 14 and 4 patients, respectively, but the symptoms were apparently not judged severe enough by the GP to prescribe antibiotics. Finally, 13 patients with sore throat and severely swollen lymph nodes were not prescribed antibiotics.
Prescribing behaviour was analysed separately for ear, throat, nose/sinus and lower RTIs. Figure 2 shows that relative overprescription was highest in consultations for throat indications-including tonsillitis (58%)-and lowest for ear indications-including AOM (4%). Absolute overprescription was highest for lower RTIs, including bronchitis, due to a higher number of patients in this group.
Factors associated with antibiotic overprescribing
To obtain insight in factors related to overprescribing, consultations with overprescription were compared to consultations in which appropriately no antibiotics were prescribed. Patients of whom the GP perceived more pressure to prescribe antibiotics, with more severe illness, fever, >18 years of age and with a symptom duration ≥7 days were more likely to inappropriately receive antibiotic treatment ( Table 2) . Because of the association of age with prescribing rates (Table 1 ) and with overprescribing (Table 2) , GPs' prescribing behaviour was broken down by age as well as analysed per specific indication. Table 3 shows that overprescribing was highest for adults (54%) and lowest for children (32%). Overall, children received 90 inappropriate prescriptions, elderly 73 and adults 304. For throat indications, especially for tonsillitis, both the prescribing rate and overprescribing were highest in the adult population. For lower RTIs, prescribing rates increased with age (due to more comorbidity and pneumonia in the elderly), but overprescription was again highest for adults (57%), with a percentage of 79% specifically for bronchitis. For the diagnosis COPD (exacerbation) (R95), 58% of the elderly received antibiotic treatment, of which 24% was inappropriate. Nearly half of the consultations for nose/sinus indications were for sinusitis, predominantly in adult patients, with high prescribing and overprescribing rates. Overall, lower prescribing rates were found for children, e.g. in acute upper respiratory tract infection and throat indications. Fifty-nine per cent of children received antibiotics for AOM, with hardly any overprescription.
Across the four RTI types, the same factors were generally associated with overprescription and with similar strengths. The presence of comorbidity and female gender, however, were also associated with overprescribing for nose/sinus indications (OR: 2; 95% CI: 1.2-3.5, P = 0.01 and OR: 1.9; 95% CI: 1.1-3.1, P = 0.01, respectively). For lower RTIs, GPs' perception of high patient expectation for an antibiotic seemed even more important in overprescribing (OR: 6.7; 95% CI: 4.7-9.5, P < 0.001). Furthermore, across age groups, the same factors associated with overprescribing were found, with some variation in the strength of the association. In children, the presence of fever seemed more strongly associated with overprescribing than the GPs' perception of the parents' expectation for an antibiotic (OR: 4.3; 95% CI: 2.4-7.8, P < 0.001 and OR: 3.1; 95% CI: 1.8-5.7, P < 0.001, respectively).
Discussion
Summary
Nearly, half of the antibiotic prescriptions for RTIs were not in accordance with guideline recommendations in Dutch primary health care. Overprescribing was highest for adults between 18 and 65 years of age and lowest for children. Relative overprescribing was highest for throat indications and absolute overprescribing was highest for lower RTIs. Furthermore, patients of whom the GP perceived more pressure for an antibiotic treatment, with more severe illness, fever and with a symptom duration ≥7 days, were more likely to receive inappropriate antibiotic treatment. Our results showed that underprescribing was low in Dutch primary care.
Strengths and limitations
The strength of our study is the large sample size of detailed documented consultations, covering the complete range of RTIs. Dutch GPs provide first line care for patients of all ages, and as antibiotics can only be purchased with a prescription, our data provide detailed insight in the quality of community antibiotic use for RTIs. The detailed information enabled us to specifically compare the cases to the guideline recommendations. The forms were designed so they could be easily completed during the consultation, enabling GPs to work according to their everyday routine. We thereby facilitated that the registrations reflect normal RTI management as much as possible.
The audit-based design of this study is a possible limitation, as there was no verification on how GPs filled in their forms. First, we did not provide GPs with additional tools to rate illness severity but allowed them to base it on their own clinical interpretation of signs, symptoms and patients' appearance. Therefore, this item was a subjective measure depending on personal judgement. Second, it has been described that GPs adjust their diagnostic labelling according to their intention to prescribe antibiotics (20) . If in our study, GPs overestimated disease severity or labelled bronchitis as pneumonia in order to legitimate their prescription, the results of our study would Figure 1 . Appropriateness of (non-) antibiotic prescribing for RTIs (n = 2724). GPs' prescribing decision (yes/no) was set against the prescribing recommendations: antibiotic indicated, may be considered and not indicated. Percentages of consultations within the groups are given. Figure 2 . Appropriateness of (non-) antibiotic prescribing per RTI group (n = 2724). GPs' prescribing decision (yes/no) against the guideline recommendations (antibiotic indicated, may be considered and not indicated) was analysed for ear, throat, nose/sinus and lower RTIs. Percentages of overprescription (o-p) and underprescription (u-p) are given. No percentage of underprescription in nose/sinus infections is given, because the guideline rhinosinusitis does not define patients for whom antibiotic treatment is definitely indicated.
even underestimate the actual overprescribing. Finally, the form left no room for reporting additional considerations of GPs to validate their decision to prescribe antibiotics or not. GPs' gut feeling, experience and additional non-registered patient information could have provided valid reasons to deviate from guidelines.
Comparison with existing literature
There are numerous studies reporting that antibiotics are often prescribed for acute infections for which antibiotics are rarely indicated, like laryngitis, bronchitis, tonsillitis, sore throat and sinusitis, and also for other respiratory illness like asthma (3, 4, 21) . Recent Dutch and Irish studies on antibiotics for RTIs show higher contactbased prescribing for adults and increased prescribing for the elderly (9, 12) . However, these studies did not take patient or disease characteristics into account and therefore could not substantiate the inappropriateness of the observed antibiotic use.
To our knowledge, this is the first study quantifying inappropriate prescribing and authenticating more irrational prescribing for adults with RTIs. This is of particular importance since this age group represents the majority of patients, with higher initial prescribing rates, thereby reinforcing the number of inappropriate prescriptions. As said before, a Dutch study from 2001 showed overprescription for sinusitis, bronchitis and tonsillitis of 22%, 63% and 71%, respectively (4) . A decade later, with a larger focus on guideline implementation and an increased awareness of antibiotic-related problems, we found similar overprescription for bronchitis, an increased overprescription for sinusitis and a decreased overprescription for tonsillitis. These differences might partly be due to changes in the guidelines, but the overall problem of antibiotic overprescribing is persistent and apparent across the whole range of respiratory disease. For AOM, a prescribing rate of 46% was found, with only 4% overprescription. In 2001, a prescribing rate of 56% was found, with 32% overprescription (11) . In 2006, the Dutch AOM guideline has been modified by including patient groups for whom the GP can consider prescribing an antibiotic; 41% of patients within this category were treated with antibiotics (Fig. 2) . The overall levels of underprescribing did not change in the last decade. The only exception was the ablated underprescribing for sinusitis in our study, as in the current guideline there is no hard indication for antibiotic treatment anymore.
Overprescription of antibiotics for RTIs
The association between adult age and the risk to receive inappropriate antibiotic treatment cannot be explained from a medical perspective. We can however speculate about other reasons for more irrational prescribing in adults. This group contains working people, with the longest duration of symptoms prior to their consultation. It can therefore be expected that they do not want to spend more time to wait and see, or come in for a second consultation, but immediately expect a solution for their bothersome symptoms. Parents, on the other hand, might be more willing to come back to the GP with their child, in case of increasing worry or prolonged illness and might be more concerned about side effects of antibiotic treatment. As in many other studies, we found that GPs' prescribing behaviour was influenced by their perception of the patient's expectation for antibiotics. Physicians however seem to overestimate the patients' wish for antibiotics, since there is a striking difference between GPs' perception of the patient expectation for antibiotic treatment and the actual patients' wish (22) . Furthermore, it was shown that the patients' satisfaction was not primarily related to receiving an antibiotic, but more to reassurance, adequate explanation and physical examination (22) .
Implications for clinical practice
We emphasize that we do not regard all overprescription cases as wrong treatment decisions, as guidelines are not laws and GPs are not computers. However, we feel that our data advocate that improvements in prescribing behaviour are urgently needed.
We analysed Dutch antibiotic management according to the Dutch guidelines, which are very similar to the NICE guidelines, used in the UK (18) . These guidelines recommend a non-antibiotic or delayed prescribing strategy for mild, uncomplicated RTIs. Other countries may have slightly different guidelines, for example focusing more on diagnoses, providing a more 'liberal' prescribing advice or recommending other antibiotics. The general opinion and tendency, however, is to promote prudent antibiotic use for self-limiting RTIs, stressing the importance of evidence-based restrictive guidelines. With this in mind, it is quite clear that overprescription is probably higher than 50% in countries where significantly more antibiotics are used than in the Netherlands (6). It is important to recognize and tackle this problem worldwide.
Therefore, awareness of GPs as to which patient groups, indications and own interpretations drive overprescribing might help rationalizing antibiotic use for RTIs. It is apparently difficult to change ingrained personal and cultural prescribing habits against a background of satisfying the patient. It was shown that training in communication skills and selective use of C-reactive protein pointof-care testing might help GPs to change their decision making and management of patients with RTIs (23) . Future improvement programs should focus on skills to efficiently explore patients' concerns and expectations, to reassure patients and to provide understandable arguments to explain non-prescribing, with specific attention for adult patients. 
